Introduction

1.
Quick Response (QR) codes are versatile. A piece of long multilingual text, a linked URL, an automated SMS message, a business card or just about any information can be embedded into the two-dimensional barcode. Coupled with moderate equipped mobile devices, QR Codes can connect the users to the information quickly and easily. In this paper, we explore how QR codes can be used in education. The low technical barrier of creating and reading QR codes allows innovative educators to incorporate them into their educational endeavors. The operations to retrieve or store QR codes are incredibly simple and quick, and with mobile devices, make them the ideal educational tools for teaching and learning. This paper is organized as follows. We will first introduce the user characteristics of QR codes in Section 2. This overview highlights the superiority of QR codes over other one dimensional or two dimensional barcodes. In Section 3, we provide examples of applying QR codes in commercial settings. Particularly in Japan, QR codes are everywhere and most people have mobile phones equipped with QR code readers. In Section 4, we conduct literature review on the existing educational applications with QR codes by searching the Internet and major research publication venues. Although QR codes existed for over fifteen years, there are not so many research applications in this area. However, we witness the interest to this technology is increasing in education. This is partly due to the fact that camera-equipped and software-downloadable mobile phones are surging in recent years. In Section 5, we introduce to the readers how to prepare and read a document with QR codes. Our suggestions and implementations of QR codes in school education are then provided in Section 6. We carried out the experiment in two primary schools. Students' responses to the exercises described in Section 6 are captured in Section 7. In Section 8, we conclude the paper with some reflective remarks.
Understanding QR Codes 2.
QR Code is a form of 2D bar codes. A sample is shown in Figure 1 . It was developed by Denso-Wave, a Japanese automatic data capture equipment company (Denso, 2009 (Denso, ), in 1994 . "QR" stands for "Quick Response." It is readable by moderately equipped mobile phones with cameras and QR scanners. Information such as URL, SMS, contact information and plain text can be embedded into the two dimensional matrix. With smart phones, we can visit the Website linked by the URL quickly, we can send the SMS message directly or we can save the contact information onto the address book easily. This format of 2D bar codes is so popular in Japan and emerges gradually around the world because (a) the patent right owned by Denso Wave is not exercised (Denso, 2010a) , (b) its specification is disclosed to the public by the company so as the specifications, ISO/IEC 18004:2000&2006 (International Organization for Standardization) and JIS X 0510 (Japanese Industrial Standards), can be formed (ISO, 2010; JISC, 2010) , and (c) it has a large data capacity in a small printout size and high speed scan utilities via mobile devices are readily available.
Figure 1. A QR code sample
A QR code is capable of holding 7,089 numeric characters, 4,296 alphanumeric characters, 2,953 binary bytes, 1,817 Kanji characters or a mixture of them. The data capacity is much higher than other 2D codes such as PDF417, DataMatrix and Maxi Code (Denso, 2010b) . It stores information in both vertical and horizontal directions. A QR code can be read from any direction in 360° through position detection patterns located at the three corners as shown in Figure 1 . A QR code can be read even it is somewhat distorted by either being tilted or on a curved surface by alignment patterns and timing patterns. The error correction capability against dirt and damage can be up to 30%. A linking functionality is possible for a QR code to be represented by up to 16 QR codes at maximum so that a small printing space is possible. The size of a QR code can vary from 21x21 cells to 177x177 cells by 4 cell-increments in both horizontal and vertical direction.
Data can be easily encrypted in a QR code to provide a confidentiality of information embedded in the code. It can also handle various languages. For examples, there are a number of standards adopted by Asian countries like GB/T Using QR Codes in Business and 3.
Industry Applications
Many examples of applying QR codes in business and industry can be found in Australia, China, Hong Kong, Japan, Korea, Singapore and Taiwan (ITSC, 2008) as illustrated below (see also 
Using QR Codes in Education 4.
The study of QR codes in education can be placed in the context of mobile learning. Mobile learning is a major field of research in education (Kukulska-Hulme, 2005; Naismith et al., 2005; Pachler, 2010; Sharples, 2007) . Before we go on to provide the literature review of QR codes in education, we would like to highlight the salient characteristics of mobile learning and guide the readers to understand our motive behind this research.
The trinity of "location independence," "time independence" and "meaningful content" is the most important aspect in the study of mobile learning (So, 2008) . These three dimensions are the salient characteristics of mobile learning and distinguish from the related fields of e-learning or Web-based learning. "Location independence" refers to learning not restricted to a fixed location. Locations include indoor and outdoor settings. "Time independence" means that learning may extend beyond the discrete classroom learning time, but into other informal learning environment at suitable time. We refrain from using the phrase, "anyplace and anytime," a slogan commonly used in mobile learning. This is because the phrase is over simplification and somewhat propagandistic. "Meaningful content" refers to the content not only at the semantic level. We need to consider whether the content is suitable to be delivered with the media, devices and communication settings as well.
Examples of applying QR codes in Education
The movement of using QR codes in education is still in its infancy. We have only a few examples which can be drawn from the literature as described below:
The University of Bath is the forerunner  of applying QR codes in education. Some educational applications using QR codes are reported in the following:
For each catalogue search at the library 1.
of the University, a QR code will also be displayed automatically to summarize the key information, the title, the author, and the shelf location as shown in Figure 3 . Student assignment submission to the 2.
Faculty of Engineering & Design needs to accompany with a coversheet bearing the relevant QR code as shown in Figure 4 . PCs and QR codes to provide a ubiquitous learning environment for primary students to explore life science subjects such as trees similar to Figure 5 . The authors conducted a pre-test and post-test study with two groups of students (i.e., control and experiment groups) to find out the effectiveness for the described ubiquitous learning environment.
A similar approach of realizing the  ubiquitous STS collaborative learning environment with QR codes was reported by Chao (2007).
Chiang et. al. (2007) developed an  information platform to provide students and staff the channels to share the learning resources and information. An outline of the system is shown in Figure 6 . Windows Mobile device emulations were shown in the paper by Chiang.
Liu, Tan and Chu (2007) constructed  a QR code and handheld augmented reality supported learning system to improve students' English level as shown in Figure 7 .
A student designed a QR-code periodic  A mobile phone application system with  QR codes for classroom management, communication and evaluation was reported by Chaisatien and Akahori (2006) .
A formative class assessment using  questionnaires and shuttle card called "Daifuku-cho" with mobile phones and QR codes in Japan (Susono & Shimomura, 2006) .
Scan the QR code on the tree Link to the resource Figure 5 . Students can explore life science subjects through QR codes 
Processes of Preparing and Reading 5. a Document with QR Codes
To prepare a document embedded with QR codes, the simplest way to do is to generate the specific codes using some of the tools available from the Internet. These images can then be embedded into the document at the appropriate places. If the mobile device does not build in any QR code reader, the user needs to download the right decoder from the Internet and installs it on to the device. The following steps illustrate the processes.
Step Figure 9 . Generating a QR code with a specific text 
Save this image file…
Step 2: The Website will generate the QR code for you as shown above.
Step 3: We can save the generated image file and embed it into wherever we want in the document.
Step 4: We need to load the mobile device with the right decoder. You can find many application Websites supplied the decoders for different mobile devices. These include: i-nigma: http://www.i-nigma.com/  Downloadi-nigmaReader.html Quickmark: http://www.quickmark.  com.tw/En/basic/download.asp
Step 5: We need to install the application into the device. An example with Kaywa: Figure 11 . Install the reader on to the mobile phone
Step 6: For the document with the embedded image, the user can just slide the decoder over the area and the text will automatically be displayed as shown below. If the text is an URL, you can just click the link and the reader will take you to the Website. If the text is a contact record, the reader can save the record to the address book of the phone with just one click. 
Our Suggestions and Implementations 6. of QR Codes in School Education
In Section 4, we provided some examples from the literature to illustrate how QR codes can be used in education. Innovative educators can harness the great possibilities of this technology that can offer. In this section, we will explore three broad areas in which QR codes can potentially offer great opportunities for educators to explore with. They are (1) Math Trail in the area of outdoor learning activities, (2) English Listening Exercise in the area of self-directed multimedia learning activities, and (3) Self-evaluation Exercise in the area of self-assessed tasks.
Math Trail
Many of K-12 mathematics teachers have used and expanded on the math trail concept (NMT, 2010) . According to the Presidential Award winner Kay Toliver from New York, the concept was first developed by Australian educator Dudley Blane. Interested readers are recommended to look into the rationale for organizing such meaningful activities and to see why the math trail concept is popular in many countries. In a math trail activity, students explore their communities and create one or more math problems that relate to what they find. The activity generally is carried with a group of students. A math trail activity can be expanded and organized in the form of collaboration or competition among students. In our experiment with the aid of QR codes, we made it to be an individual activity. We carried out the activity with a number of young students individually from a local primary school. Prior to the math trail activity, we arranged each student to learn the basic operations of a mobile phone loaded with a QR code reader by practicing the example shown in Figure 13(a) . For each location, the student needs to answer a question by scanning the code and write down the answer. The student has to write down the answer onto the worksheet. Figure 13(b) illustrates the QR code for the 5 th question. The activity of a student is shown in Figure 14 with his worksheet in Figure 15 . Beside the above math trail activity, we can organize other similar activities such as Science Trail, Treasure Hunt or other outdoor activities (Osawa, et. al., 2007) . QR codes can be very useful in these educational activities.
Listening Exercise
Listening exercises are essential to language learning. Teachers regularly conduct listening lessons in class. Supplementary exercises in CD or DVD from publishers or commercial production houses are commonly used. These exercises may not be flexible enough to cater for the diverse needs of the teachers. Also, the listening text must be pitched at the right level of difficulty. Teachers are the best persons to select the appropriate listening comprehension for the students. Furthermore, a complete recall for a long piece of aural text is a poor expectation and hence not recommended. With all these issues in mind, worksheets with QR codes linked to Websites for direct audio playback can be a low cost and flexible solution to language learning. In this experiment, we demonstrate how we can approach these activities with QR codes.
First, teachers prepare the audio materials either by editing from existing sources or recording their own materials. If the audio material is a long one, we can break it into pieces. Alternatively, we can anchor into the corresponding positions of the audio material by the appropriate QR codes. Second, we prepare the worksheet similar to the previous exercise. The corresponding QR codes with clear instructions should be placed onto the worksheet. The QR codes link directly to the Web-based audio depository prepared by the teachers. With just a quick scanning action and a click, the learner can listen to the right piece of audio material. Last, a pre-listening activity should be administrated to prepare the student for this type of exercise. Figure 16 shows the listening activity of three students. The worksheet carried out by one of the students can be found in Figure 17 By linking the QR codes on a paper-based task to the multimedia resources deposited on the Web with just two simple operations provide a very efficient and flexible way for the students to obtain the resources ubiquitously. The resources could be video clips, news clips or simply a Web page. We believe that the possibility of applying QR codes for teaching and learning in this way is unlimited. 
Self-Evaluation Exercise
Students' engagement by way of evaluating their own work is a good strategy to motivate students. Students can step back to think about their learning and make correction or adjustment to their knowledge and concept on certain topics. Students learn how to learn, able to reflect on and monitor their learning progress are of paramount importance to their learning. Self-assessment builds meta-cognition as it involves students in understanding the standards expected of them, in setting and monitoring their own learning goals, and in developing strategies for working towards achieving them. Furthermore, this approach helps to release the teachers from marking so many assignments and tasks. Similar to the listening exercise, the worksheet carried out by one of the students can be found in Figure 18 (a). The simple Web platform in which the students could check their answers is depicted in Figure 18(b) . In fact, the QR code printed on this worksheet was directly linked to a simple Web page showing the answers. For some applications, we could encode the answers straight into the QR code itself if the text is less than two thousand characters approximately. Moreover, we could use multiple QR codes to guide the learners through the self-assessment process. A trace of the process in terms of time and accuracy can be examined after the activity is completed.
Students' Responses to the Exercises 7.
We conducted interviews after each exercise as described in Section 6. The following interviews with some of the students revealed their opinions about using QR codes in school education. These interviews were conducted separately in Cantonese. The conversations have not been edited and represented as the original transcript. anything bad about this approach?) Nil. F: (Worksheets using QR codes) More convenient.
Instantly can see, no need for the teacher out there to check our answers. Camera problems (need to improve).
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Conclusive Remarks 8.
In this paper, we provided a holistic view of using QR codes in industry and in education. We demonstrated three broad areas to apply QR codes in school education. Overall, the students participated in the experiment found that the activities were interesting. Naturally, the students at this age group were very curious about these new approaches to their otherwise routine exercises. But with this age group, we have additional concerns. First, we must categorically prepare enough mobile devices for the activities. We definitely cannot expect students at the junior levels to carry the right mobile devices to schools. For exercises conducted individually like our Mail Trail, the problem is not acute. However, the cost would be prohibitive for a large group of participants. Second, despite it is quite easy to operate a mobile device equipped with a QR code reader, we noticed some students highly tilted the devices when they snapped the codes. Students at this age group need to be trained properly. Third, if the mobile devices are equipped with Wi-Fi access and the activities do have the wireless coverage, the cost for communication would be minimal. Otherwise, we may need to rely on 2G/3G communication provided by mobile carriers. This option can be very expensive.
In general, we believe that QR codes have great potential in education. Some possibilities are demonstrated in this paper and there are many creative ideas waiting for us to explore. Also, this paper can be served as the first step for the readers to investigate this exciting topic of mobile learning.
